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1. Introduction
Composites of organic and inorganic compounds
represent an important class of engineering materi-
als [1, 2]. Amongst the inorganic materials, smec-
tite clays have received considerable attention
because their structure exhibits the required stiff-
ness, strength and dimensional stability. In recent
years, it has been found that layered double hydrox-
ides (LDHs), also known as hydrotalcite-like com-
pounds (HTlcs), have attracted great attention
[3–9], because of their layered structure and high
anion-exchange capacity, which enables various
technical applications [10, 11]. The structure con-
sists of positively charged brucite (magnesium
hydroxide)-like layers with interlayer space con-
taining charge compensating anions and water mol-
ecules. The metal cations occupy the centers of
octahedra whose vertexes contain hydroxide ions.
The octahedra are connected by edge sharing to
form an infinite sheet [12, 13]. The general formula
of the compounds is [M
2+
1–xM
3+
x(OH)2]A
n–
x/nmH2O,
where M
2+ and M3+ are divalent (Mg
2+, Zn
2+, Ni
2+,
etc.) and trivalent cations (Al
3+, Cr
3+, etc.), A
n– is a
non-framework charge compensating anion (such
as CO3
2–, Cl
–, SO4
2–), and x is normally between
0.17 and 0.33. The structure is shown in (Figure 1).
Layered double hydroxides and their derivatives
are inorganic materials with a positive layer charge
in which the interlayer anions can be replaced by
ion-exchange processes. Owing to its high anion-
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Figure 1. Structure of layered double hydroxideexchange capacity, LDHs have found many poten-
tial applications, including those in pharmaceuti-
cals, catalyst supports, inorganic fillers and acid
killers [14] to prevent the degradation of polymeric
materials by effectively scavenging any acid gener-
ated during processing as well as during applica-
tion.
Ethylene propylene diene monomer (EPDM) rub-
ber is widely used due to its good mechanical prop-
erties, very low unsaturation and associated resist-
ance to ageing and ozone deterioration [15]. This is
due to its saturated hydrocarbon backbone with the
presence of double bonds in side chains. It has been
extensively used in making automotive tire, side
walls, cover strips, wires, cables, hoses, belting,
roofing barriers and sporting goods. Due to its out-
door applications, the study of its durability in
acidic environment is extremely important for
industry as well as academic point of view. Only a
few reports have focused on the degradation of
EPDM rubbers in specific aggressive acidic envi-
ronments [16–19].
To the best of our knowledge, the effect of LDHs
on the acidic degradation of EPDM/LDHs compos-
ites has not yet been reported. In order to derive a
more detailed understanding of the various factors
influencing the effect of different stabilizers, the
filler concentration (composition) was kept con-
stant. This paper deals the degradation of EPDM/
LDH composites in acidic environment in presence
of polychromatic irradiation (λ≥290 nm). The
effect of commercial stabilizers in composites has
also been studied.
2. Experimental
2.1. Materials
The elastomer used was commercial Ethylene
Propylene Diene Monomer (EPDM) (ethylene:
propylene: diene (5-ethylidene-2-norbornene)
55:41:4.) supplied by M/s. Sediver, France. EPDM
rubber was purified by dissolving in toluene solu-
tion and precipitating from acetone to remove the
additives. The commercial grade thiourea (ethyl-
enethiourea, NPV/C), sulfur, zinc oxide, stearic
acid were purchased from S.D. Fine Chemicals Ltd,
India. Layered double hydroxide (LDH) was syn-
thesized in our laboratory. The conventional stabi-
lizers (Irganox 1076, Irganox 1010, Tinuvin-P)
were obtained from M/s Ciba Geigy India Pvt. Ltd.,
Mumbai, India.
2.2. Synthesis of layered double hydroxide
(acid killer)
For the synthesis of LDH (a Mg/Al double-layered
hydroxide) of formula:
[Mg3Al(OH)8]
+[0.5CO3
–·mH2O]
–, an aqueous solu-
tion (250 ml) containing Mg(NO3)2·6H2O and
Al(NO3)2·9H2O with a ratio of Mg/Al (3:1) were
slowly added to a second solution (250 ml) of
NaOH (0.675 mol) and NaNO3 (0.2 mol) under
vigorous stirring at 65°C. The addition took nearly
2 hrs. The precipitate formed was filtered and
washed thoroughly with 500 ml de-ionised water
(at least until the pH of the filtrate was 7) and freeze
dried and then aged for 20 hrs at 20°C in their
mother liquor and then filtered, washed and dried.
The samples were hydrothermally treated using
microwave heating (8 hrs with a step-wise increase
in temperature from 120 up to 180°C and a corre-
sponding pressure of 2–10 bar). The crystalline
phases were characterized by X-ray diffraction
[20].
2.3. Preparation of EPDM-layered double
hydroxides composites
LDH was mixed with EPDM at 180°C with 70 rpm
for 5 minutes by using a twin-screw extruder
(DSM, MICRO-5). The screw length was 1365 mm
and L/D was 45.5, the LDH concentration was kept
5 wt%, vulcanizing agents were added as shown in
Table 1. The mixing of EPDM/LDH hybrid and
vulcanizing agents (Zinc oxide – 5%, Stearic acid –
1%, Sulfur – 1.8% and Thiourea – 1.5%) were
mixed at 90°C for 3–5 minutes. EPDM composites
were also filled with stabilizers (Irganox 1076,
Irganox 1010 and Tin-P concentration were
0.5 wt%). For comparative study, EPDM samples
749
Kumar et al. – eXPRESS Polymer Letters Vol.1, No.11 (2007) 748–754
Table 1. Composition of the composites
*Zinc oxide – 5%, Stearic acid – 1%, Sulfur – 1.8% and 
Thiourea – 1.5%
S.No
LDHs
[wt%]
Vulcanization
agents* [wt%]
Stabilizers 0.5
[wt%]
Sample
code
1 – 9.3 – EP-Neat
2 5 9.3 – EP-H
3 5 9.3 Irganox 1076 EP-I 76
4 5 9.3 Irganox 1010 EP-I 10
5 5 9.3 Tinuvin-P EP-Tin Pwere prepared without LDH (only vulcanizers)
under same experimental conditions [21]. All com-
posites were molded into films (thickness ≈
100 μm) at 160°C by using the hydraulic press for
10 minutes.
2.4. Photoirradiation
The photo-irradiation experiments were carried out
in accelerated weathering chamber SEPAP 12/24
(M/s Material Physico Chimique, Neuilly/Marne,
France) at 60°C. The chamber consists of (4·400 W)
medium pressure mercury vapor lamps supplying
radiation (λ≥290 nm). The instrument is described
elsewhere [22]. Nitric acid treated samples were
also irradiated in chamber under same conditions.
For acidic treatment, the samples were kept in
vapour phase in a desicator, containing 5% nitric
acid concentration for 3 hrs after every 25 hrs
degradation intervals.
2.5. Measurement of photostabilizing
efficiency
The photostabilizing efficiency of LDH on EPDM
was monitored by the measurement of the carbonyl
and hydroxyl group changes by FT-IR spec-
troscopy. The IR absorption spectral changes of the
film upon irradiation with 300 nm UV light were
observed for different time intervals. The data
obtained were compared with pristine EPDM and
EPDM/LDH with and without conventional stabi-
lizers (Irganox 1076, Irganox 1010, Tin-P) under
similar accelerated conditions.
2.6. Transmission electron microscopy (TEM)
Transmission electron microscopy (TEM) observa-
tion of EPDM/LDH composites was performed
with a Philips CM300 FEG TEM instrument oper-
ated under an acceleration voltage of 300 kV. Thin
sections (thickness ≈ 200 nm) for TEM observa-
tions were cut from the as-prepared composites
under cryogenic conditions using a Leica ultrami-
crotome with a diamond knife (Figure 2).
2.7. Scanning electron microscopy
Surface changes of the irradiated samples were
examined by SEM. The stained samples were dried
under vacuum for 24 h at 50°C and the gold-coated
samples were examined under electron microscope
(Leica Cambridge Stereoscan 440 Model).
3. Results and discussion
3.1. Characterization
The LDH was characterized by XRD according to
literature [20]. The XRD data between 2 and 70°,
were recorded at 0.5°/min, using CuKα radiation at
a generator voltage of 40 kV.
The [Mg3Al(OH)8]
+[0.5CO3
–·mH2O]
– shows a
basal 001 reflection at d = 7.9 Å. This reflection
corresponds to the interlayer distances.
3.2. Degradation products
FT-IR spectroscopy was successfully used to study
the degradation pattern and products in polymers
[23, 24]. The rate of photo-oxidation was followed
by monitoring the development in carbonyl and
hydroxyl region by FT-IR spectra for different time
intervals from 0 to 100 hrs. The increase of
absorbance in the hydroxyl and carbonyl region
was studied as a function of irradiation time. The
absorbance of the ethylidene units at 808 cm–1 dra-
matically decreases and new bands appeared at 910
and 970 cm–1, which can be assigned, respectively,
to the vinyl-type unsaturations coming from Nor-
rish II type reactions (Figure 3) and to CH wag of
the other double bonds derived from hydrogen
abstraction reactions on allylic positions during the
photooxidation as already reported in the case of
EPDM [25–26] and the photoproducts of compos-
ites were same as in the pristine EPDM [22]. Fig-
ures 4 and 5 show the IR region for the evolution of
carbonyl and hydroxyl regions, respectively, of the
composites [EP-H] upon UV irradiation. The
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Figure 2. TEM image showing LDHs dispersionincrease in these regions may be attributed to the
degradation of polymer matrix, which may lead to
chain scission. The spectra showed that the induc-
tion period is reduced in the presence of LDH. In
presence of the stabilizers also, the induction period
is less than that of pristine EPDM and it may be due
to interaction between the phenol groups of stabi-
lizers and LDH. The vibrations at 1780, 1735, 1721
and 1710 cm–1 have been assigned for lactone,
ester, ketone and acid groups, respectively. In the
hydroxyl region, a large absorption band was
observed with a maximum at 3400 cm–1, which is
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Figure 4. Evaluation of carbonyl region of EPDM/LDHs
composites during photo-oxidation
Figure 3. Simplified mechanism of EPDM degradation
Figure 5. Evaluation of hydroxyl region of EPDM/LDHs
composites during photo-oxidationdue to oxidized products such as hydroperoxides
and alcohols, whereas the rate of formation of these
products was higher in composites than neat film.
Both, the carbonyl and hydroxyl regions were
increased similarly and were faster than in the pris-
tine EPDM where no additional peak could be
observed in the present system (Figures 6 and 7).
This phenomenon confirms that the presence of
filler influences the degradation of EPDM but
degradation products remain the same. Transition
Metal elements viz., Mn(II), Fe(III), Ru(II), Co(II),
etc., play a key role to enhance the rate of hydroper-
oxide decomposition [27]. The reason to increase
the rate of degradation may be due to the presence
of metal ions; which may catalyze the decomposi-
tion of hydroperoxide to alkoxy or peroxy radicals
by the following mechanism and may therefore,
accelerate the photo-oxidation of polymers as
shown in Figure 8.
The photo-degradation of the same compositions
was studied in acidic conditions and was observed
that EPDM/LDH composites showed interesting
results (Figures 9 and 10). There is not much differ-
ence in the degradation rate in acidic and natural
environment because of LDHs’s acid killer nature,
which enhances the LDH importance as filler. The
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R· + O2 → RO2·
RO2· + RH → ROOH + R·
ROOH + M
II → RO· + M
IIIOH
M
IIIOH + ROOH → M
IIIOOR + H2O
M
IIIOOR → M
II + ROO·
M
IIIOOR → MO· + RO·
RO· + RH → ROH + R·
Figure 8. Mechanism of metal ions as initiator and cataly-
sis to enhance photo degradation
Figure 6. Evaluation of carbonyl region as a function of
irradiation time duringphoto-oxidation
Figure 7. Evaluation of hydroxyl region as a function of
irradiation time duringphoto-oxidation
Figure 9. Evaluation of carbonyl region as a function of
irradiation time during photo-oxidation in acidic
environment
Figure 10. Evaluation of hydroxyl region as a function of
irradiation timeduring photo-oxidation in
acidic environmentmechanism of LDHs as an acid killer is described
in Figure 11 where X = Cl
–, NO3
–, etc. The presence
of stabilizers also does not show much effect on
stabilization because of very low concentration in
comparison to LDH, however, Tinuvin-P shows
better stabilization in comparison to Irganox 1076
and Irganox 1010.
3.3. Morphological aspects 
SEM is a reliable tool to monitor the surface
chances during degradation of polymers and inter-
esting micrographs are shown in Figures 12 and 13.
The presence of highly eroded surface with small
cavities in the samples, indicates the higher degra-
dation after 100 hrs irradiation. A scattering pattern
of small patches was observed after UV irradiation,
which must be due to the generation of more oxida-
tion products in Figure 12 than in Figure 13, and
this fact again supported the conclusion that pres-
ence of LDH enhances the degradation rate in
acidic as well as isolated conditions.
4. Conclusions
The comparison of the kinetic curves showed the
oxidation for the different samples which reveals
an influence of LDH and the stabilisers on the for-
mation of carbonylated photoproducts. It was
observed that the photo-oxidative products were
not changed after adding the filler, however, the
rate of photo-oxidative degradation of EPDM/LDH
composites is faster than that of pristine EPDM.
LDHs showed good results in acidic conditions,
which enhances its importance. The lower effi-
ciency of the stabilizers could result because of
high percentage LDH filler. It could be because of
the adsorption of the additives onto the LDH,
which partially inhibits their stabilizing activity.
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